The front and hind feet from a total of 64 boars, 86 sows and 107 barrows were radiographed after necropsy to study the nature of inequalities in digits and their relation to nutrition and structural unsoundness in swine. Boars were fed ad libitum or 75% ad libitum with 100 or 150% of 1979 NRC recommended vitamin-mineral levels, whereas, sows were fed the same two levels of energy with 100 or 150% of NRC recommended calcium-phosphorus (Ca-P) levels during the growing-finishing period. Barrows were fed two sources of phosphorus with increasing levels of sodium. Radiographs of metacarpals, metatarsals and associated phalanges were measured for length and deviations of proximal and distal extremities. The length of both medial and lateral bones were longer (P<.05) in boars fed 75% ad libitum than in the ad libitum-fed group, which was probably due to age (285 +-8.7 vs 240 -2_ 8.4 d). Dietary energy and Ca-P level did not influence the bone lengths in sows. Similarly, dietary phosphorus source or sodium level had no influence on bone lengths or deviations in barrows. The incidence of inequality in digits with a smaller medial digit was 90.9% in boars, 96.7% in sows and 87.6% in barrows. In boars and sows, the inequality in digits of front feet was due to lower positioning of proximal extremities of lateral bones because the total lengths of both medial and lateral bones were approximately equal. In hind feet, this inequality was more due to longer lateral bones because the proximal extremities of metatarsals were positioned at approximately an equal level. Correlation coefficients between soundness scores and distal deviations of front and hind feet in boars and sows were not significant (P<.05). These results indicate that the inequality in digits of boars, sows and barrows was influenced very little by the nutritional factors examined in this study, and that the inequality of lengths and positions of digits was not a primary cause for structural unsoundness.
Introduction
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3Dept. of Anita. Sci. 4Div. of Pathol. and Public Practice. Received September 9, 1985 . Accepted December 13, 1985 offspring had uneven-sized digits. Kogovsek and Sabec (1979) reported that approximately 87% of the medial digits were smaller than the lateral digits in Swedish Landrace boars, with the area of medial digits being 36% smaller than the lateral digits. These inequalities in digits were often considered responsible for lameness or faulty gait, based on the assumption that smaller medial digits may result in unequal distribution of body weight on the feet. Although no scientific evidence concerning this effect was available, it has become a common practice in the swine industry to consider the inequality in digits as an undesirable trait for selection of breeding boars and gilts. In market hogs this condition is considered less important; however, the modern trend of raising hogs on solid or slatted concrete floors in total confinement has caused some unforeseen problems with the structural soundness of feet. Calabotta et al. (1982) reported that 75% of ad libitum feeding slightly decreased the length 1 172 J. Anita. Sci. 1986 Sci. . 62:1172 Sci. -1180 and the base area of digits in gilts, whereas, dietary calcium-phosphorus (Ca-P) level had very little influence on these traits. Kornegay et al. (1983) also observed a similar response in growing boars fed two levels of energy and Ca-P The influence of nutrition on the incidence of inequality in swine digits is not known. This study was, therefore, undertaken to characterize the incidence and the nature of inequality in swine digits, and to determine to what extent it is influenced by nutrition. The relation between inequality in digits and structural unsoundness also was examined in boars and sows.
Materials and Methods
The front and hind feet that were radiographed to study the nature of inequality in digits were collected after necropsy by severing the legs above the carpal or tarsal joints from three groups of pigs (boars, barrows and sows) used in different nutrition experiments. The boars were fed two levels of energy (ad libitum vs 75% ad libitum) and two levels of minerals and vitamins [100% vs 150% of NRC (1979) recommended levels] in a 2 x 2 factorial experiment from weaning (4 to 5 wk of age) to 330 d of age. The composition of experimental diets, housing and other management procedures were described by Lepine et al. (1985) . One boar from each treatment group was slaughtered at 15-d intervals starting from 120 d of age (approximately 87 d after starting the test). Structural soundness scores based on a scale of 1 to 15 (with a score of 1 being normal and a score of 15 being extremely unsound) were obtained at approximately 120 and 290 d of age.
The sows were fed two levels of energy (ad libitum vs 75% ad libitum) and two levels of Ca-P [100% vs 150% of NRC (1979) recommended levels] in a 2 x 2 factorial experiment from weaning (4 to 5 wk of age) to 100 kg body weight, and then switched to a 15% corn-soybean gestation and lactation diet for three successive parities. The composition of experimental diets, housing and management procedures were described by Calabotta et al. (1982) and Arthur et al. (1983) . Structural soundness scores were obtained at the end of each parity and the sows were slaughtered at the end of the third parity.
The barrows were from two trials that were conducted to study the effect of phosphorus source (dicalcium phosphate--DCP vs defluorinated phosphate--DFP) and increasing levels of dietary sodium (Na). In trial 1, the treatments were: 1) DCP + .5% sodium chloride (NaCI), 2) DFP + .5% NaCl, 3) DCP + .5% NaCl + sodium acetate (NaAc) to bring Na levels equal to diet 2 and 4) DFP + .39% NaC1 to bring Na levels equal to diet 1. In trial 2 the treatments were: 1) DFP with no added Na, 2) DFP + .07% Na, 3) DFP + .14% Na, 4) DFP + .28% Na, 5) DCP with no added Na and 6) DCP + .14% Na. The composition of experimental diets and the management procedures were described by Kornegay et al. (1985) . The treatment diets were fed from 22 to 105 kg body weight, at which time all the barrows were slaughtered. Structural soundness scores were not recorded for the barrows.
All feet were radiographed with the pads of toes facing upward using a Picker Meteor style-F machine with the film exposure set for 1 s at 58 kV and 10 mA. A portable light table and dial calipers were used for marking and measuring the radiographs for lengths and deviations. The maximum length was recorded for both medial and lateral bones of metacarpal, metatarsal and associated phalanges (figure 1). The deviations were the differences between the positioning of medial and lateral extremities at proximal and distal ends of metacarpal, metatarsal and associated phalanges. The deviation was considered positive when the lateral extremity was longer than the medial extremity and vice versa. The relative growth coefficients of metacarpals, metatarsals and associated phalanges were calculated for the boars (log Y = log + b log W, W = body weight and Y = bone length). Simple correlation coefficients between structural soundness scores and the radiographic measurements of foot bones were calculated for boars and sows. The data for each trial were analyzed using analysis of variance procedures (SAS, 1982) ; least-squares means were adjusted for the average slaughter weight.
Results and Discussion
Boars. The medial and lateral bones of metacarpal, metatarsal and associated phalanges were longer (P<.05) in boars fed 75% ad libitum energy than in ad libitum-fed boars when the lengths were adjusted for average slaughter weight (table 1) . This increased bone length in feed-restricted boars was probably due to their advanced age (285 + 8.7 vs 240 +__ 8.4 d) to reach the same slaughter weight compared with ad iibitum-fed boars. Furugouri et al. (1981) observed that the length of femurs was decreased in feed-restricted pigs slaughtered at the same age as ad iibitum-fed pigs. Vitamin-mineral levels did not influence (P>.05) length of bones in either front or hind feet, which agrees with the findings of Doige et al. (1975) , Nimmo et al. (1980) and Kornegay et ai. (1981) . The distal deviation of the metatarsal and the proximal deviation of hind phalanges were smaller (P<.05) in boars fed 150% of NRC (1979) recommended vitaminmineral levels. Although nonsignificant (P>.05), all the remaining deviations except the proximal deviations of the metatarsal were also lower in boars fed increased vitamin-mineral levels, indicating that these boars have less inequality of digits and may thus reduce the chances of their culling.
The relative growth coefficients of metacarpal, metatarsal and associated phalanges were higher (P<.05) in 75% ad libitum-fed boars than in ad libitum-fed boars (table 2) . McMeeken (1940) reported that a high plane of feeding produced thicker bones, whereas, a low plane of feeding produced longer bones. However, Furugouri et al. (1981) observed that an increased body weight was accompanied by a marked proportional increase in both length and width of limb bones. Cuthbertson and Pomeroy (1962) reported that, between 50 and 68 kg body weight, the growth in bone length pre- ceded the growth in bone thickness and density but, between 68 and 92 kg body weight, thickness and ossification of bone preceded bone lengthening. In the present study higher growth coefficients in 75% ad libitum-fed boars indicated that the bone length increased relatively faster than in ad libitum-fed boars. Relative growth coefficients in both groups were less than I, indicating that the growth of foot bones was relatively slower than that of body weight. The growth coefficients were not significantly influenced by the vitamin-mineral levels.
Sows. The lengths of the medial or lateral bones were not influenced (P>.05) by energy or Ca-P level fed during the growing-finishing period. The distal deviation of metacarpal and proximal deviation of front phalanges were larger (P<.05) in sows fed 75% ad libitum energy (table 3) . Arthur et al. (1983) observed that the volume and area of both medial and lateral toes in front feet and only medial toes in hind feet were larger for sows that were previously fed ad libitum energy during the growingfinishing period. The toes were also larger in sows that were previously fed increased Ca-P levels, but the differences were not significant.
Barrows. In trial 1, feeding DCP or DFP diets supplemented with NaC1 and NaAc did not influence (P>.05) lengths or deviations of foot bones, except the distal deviation of metatarsals, which was larger (P<.05) for barrows fed DCP + .5% NaC1 than in the other treatments (table 4). In trial 2, increased dietary Na levels did not influence (P>.05) the lengths or deviations of foot bones (table 5). The data for barrows fed DCP with no added Na was not included for comparison because of a severe growth depression in that group that was caused by a possible Na deficiency. The distal deviations of hind phalanges were relatively smaller in harrows used in the second trial than in the first trial.
A comparison of bone lengths between boars, sows and barrows indicated that the lat- eral bones of metatarsals were longer than the medial bones in boars, sows and barrows (table  6) . Only the lateral bones of metacarpals in sows were longer than the medial bones. The lateral phalanges were slightly shorter than the medial phalanges in the front feet of boars, sows and barrows. All proximal deviations of metacarpals, metatarsals and associated phalanges were negative (except metatarsals for boars), indicating that the proximal extremities of lateral bones were placed lower than the extremities of medial bones. The proximal deviations of metatarsals (.02, -0.01 and -0.09 cm, respectively for boars, sows and barrows) were smaller than that of the metacarpals, indicating that the proximal extremities of metatarsals were positioned at approximately an equal level. In front feet, the total length of medial metacarpals and associated phalanges was approximately equal to that of lateral bones in boars (17.66 vs 17.60 cm) and sows (18.12 vs 17.97 cm), whereas, in hind feet the total length of medial metatarsals and associated phalanges was smaller (P<.05) than that of lateral bones both in boars (18.96 vs 19.32 cm) and sows (19.47 vs 19.80 cm) . Therefore, the inequality of digits (distal deviation of phalanges) in front feet was due to a lower positioning of lateral extremities of metacarpals and associated phalanges, whereas, in hind feet this was more due to a longer lateral metatarsal and associated phalanges bones.
The incidence of these inequalities in digits appears to be higher in sows than in boars and barrows (table 7) . The lateral digits were longer than the medial digits in the majority of the cases, which is in agreement with the findings of Nordby (1939) , Penny et al. (1963) , Dyren- Kornegay et ai. (1981 Kornegay et ai. ( , 1983 and Arthur et al. (1983) . In a few cases the medial digits were in fact longer than the lateral digits, this being a smaller proportion in sows than in boars and barrows. Such a high incidence of inequalities in digits in all three groups of pigs observed in this study indicated that this condition is a common occurrence in swine. Dyrendahl et al. (1971) observed that dams with normal digits produced 46.7% piglets with normal digits and 53.3% piglets with small medial digits. Dams with smaller medial digits produced only 15.2% normal piglets and 84.8% piglets with smaller inner digits, suggesting that this anomaly may be a simple dominant trait in swine.
The correlation coefficients between lengths and deviations of foot bones and the structural soundness scores were not different (P>.05) in boars, except for length of medial metatarsals, which was positively correlated (table 8) . In sows, the .lengths of metacarpals, the lateral metatarsal and hind phalanges were all positively correlated with soundness scores. A poor correlation was observed between soundness scores and the distal deviations of front and hind phalanges, suggesting that inequalities in digits may not be responsible for structural unsoundness in boars and sows.
These results indicate that inequality of digits is caused mainly by the differences in positioning of metacarpals and associated phalanges in front feet and differences in lengths of metatarsals and associated phalanges in hind feet. These inequalities of digits were influenced very little by the nutritional factors examined in these experiments, and do not appear to be the primary cause for structural unsoundness in swine. '~Numbers in parentheses are probability levels.
